Introduction {#sec1}
============

Viral hepatitis B is a disease caused by hepatitis B virus (HBV), which is a DNA virus belonging to the *Hepadnaviridae* family, primarily showing an affinity to the hepatocytes. It causes acute, peracute or chronic hepatitis.

Hepatitis B virus is possibly the most infectious pathogen for humans, about 50--100 times more infectious than HIV; just 0.0004 ml of blood is sufficient to cause infection \[[@cit0001]\].

Groups remaining at a high risk of HBV infection include:

-   subjects coming into close contact with individuals with acute or chronic hepatitis B,

-   patients subjected to invasive diagnostic or therapeutic procedures,

-   newborns born to women infected with HBV,

-   patients treated with blood-derived preparations,

-   patients undergoing haemodialysis,

-   individuals having unprotected sex with multiple partners, including homosexual contacts,

-   individuals addicted to intravenous shere needles during intravenous drug use,

-   patients over the age of 60 and with diabetes,

-   subjects traveling to countries with the high incidence of HBV infections,

-   medical staff and workers of educational care centres (occupationally coming into contact with blood or other body fluids) \[[@cit0002]\].

Hepatitis B is a widespread disease encountered worldwide, although its occurrence varies significantly, depending on geographical area. The percentage of individuals with chronic HBV infection ranges from 1% to even 20% \[[@cit0003], [@cit0004]\]. The lowest percentage of individuals chronically infected with HBV is found in North America and Western Europe -- less than 1% of the general population \[[@cit0003]\]. On the other hand, in African countries, in East Asia and Eastern Europe about 5% to 10% of the adult population are infected with HBV \[[@cit0003]\]. Currently it is estimated that 350--400 million people worldwide have chronic hepatitis B, in 2015 257 millions of people were reported HBV infection \[[@cit0003], [@cit0004]\]. Annually, due to complications such as hepatocellular carcinoma or liver cirrhosis the patients die, in 2015 hepatitis B resulted in an estimated 887 000 deaths \[[@cit0003]\].

The incidence of hepatitis B in Poland in the 1980s was among the highest in Europe \[[@cit0005]\]. The register of hepatitis B patients in Poland has been conducted since 1979 \[[@cit0005]\]. Between 1979 and 1985, from 15 276 (1982) to 16 763 (1985) new cases of hepatitis B were annually noted in Poland \[[@cit0005]\]. The incidence over that period ranged from 42 to 45.2 per 100 000 population \[[@cit0005]\].

The epidemiological situation of HBV infections in Poland improved significantly after introduction in the years 1994--1996 of anti-hepatitis B vaccination into the calendar of obligatory vaccinations. Already two years after the introduction of the vaccinations, the incidence of hepatitis B in the group of children aged below three years decreased by half -- from 39.8 to 19.9 per 100 000 population \[[@cit0006]\]. Currently, according to the National Institute of Public Health -- National Institute of Hygiene (NIPZ-PZH) report, in 2018 in Poland 3195 new cases of all types of hepatitis B (including chronic infections) were reported, the incidence rate was 8.32 per 100 000 population. Only 40 cases of acute hepatitis B were noted; the incidence was estimated at 0.1 per 100 000 population \[[@cit0007]\]. Currently, the group of patients with hepatitis B includes mainly elderly people or young adults not included in the vaccination programme in the years 1994--1996.

The effectiveness of the vaccination is assessed as high; it is estimated that it produces immunity in over 95% of the healthy vaccinated individuals \[[@cit0008]\]. The post-vaccination immunity is of dual character: humoral -- associated with presence of specific neutralising antibodies (anti-HBs), and cellular -- associated with T and B cells. Owing to the T and B memory cells the immunity to HBV infection is maintained in healthy individuals. According to the current guidelines of the Protective Vaccination Programme (PVP), in healthy individuals after a basic vaccination against hepatitis B in the past, no booster vaccinations are recommended \[[@cit0002]\]. Revaccination after a basic vaccination, if the concentration of anti-HBs antibodies is \< 10 mIU/ml, is recommended in chronically ill patients: those infected with hepatitis C virus, patients at an advanced stage of kidney disease with a glomerular filtration rate \< 30 ml/min, patients on dialysis, diabetic patients, patients with malignancies during immunosuppressive treatment and after organ transplantation and immunodeficient patients \[[@cit0002]\].

In patients with malignancies during immunosuppressive treatment and in those after organ transplantation, the seroprotection index should be ≥ 100 mIU/ml. In such patients, monitoring of antibodies is recommended every six months, and in case of absent seroprotection a double dose of the vaccine should be given \[[@cit0002]\]. In the remaining above-mentioned patients, revaccination is started with one dose of the vaccine and in case of no response the whole vaccination cycle should be continued. Individuals in whom after repeated revaccination no protective concentration of the antibodies is found should be regarded as not responding to the vaccination and, in case of a significant exposure to HBV, post-exposure management should be instituted in them \[[@cit0009]\].

Patients with juvenile idiopathic arthritis (JIA) certainly belong to the group at increased risk of HBV infections, compared with their healthy peers, in view of the course of the disease itself, disturbed immune response, immunosuppressive treatment with both biological and non-biological disease-modifying drugs (DMARDs), frequent hospitalisations and finally various invasive therapeutic-diagnostic procedures. The question thus arises whether we should determine serum anti-HBs antibody concentration in our patients and whether, in case of absent seroprotection, we should give them subsequent vaccine doses.

The aim of the study is to determine whether a protective serum anti-HBs antibody concentration (≥ 10 mIU/ml) is maintained in children with JIA receiving biological therapy, previously vaccinated in infancy against hepatitis B.

Material and methods {#sec2}
====================

The concentration of anti-HBs antibodies was determined in the sera of 56 JIA patients under the care of the Department and Outpatient Clinic of the Developmental Age, National Institute of Geriatrics, Rheumatology and Rehabilitation, with JIA treated with biological drugs.

Inclusion criteria:

-   age 2--18 years,

-   documented vaccination against hepatitis B in infancy,

-   stable stage of the disease (no growing values of inflammatory markers such as erythrocyte sedimentation rate, C-reactive protein, no malaise, no new pain or joint oedema,

-   the CHAQ index maximum 0.5--1,

-   documented JIA diagnosis (diagnosis made based on the ILAR criteria) \[[@cit0010]\],

-   biological treatment minimum for three months (adalimumab, etanercept, tocilizumab),

-   written parental consent for participation in this study.

Exclusion criteria:

-   biological treatment less than 3 months,

-   lack of documentation of full vaccination course in infancy, against hepatitis B or vaccination according to vaccination regimen other than 0, 1, 6 months,

-   children with severe disease and disease exacerbation CHAQ \> 1,

-   not obtaining written parental consent.

Procedure {#sec2.1}
---------

All children were vaccinated according to the 0, 1, 6 months schedule with the Engerix-B vaccine (GlaxoSmithKline) or Euvax-B (LG Chem Life Sciences, Poland) or Hepavax-Gene TF (Janssen-Cilag International).

The concentration of anti-HBs antibodies was determined by an immunochemical method on a Vitros ECIQ analyser, Ortho Clinical Diagnostics JdJ.

Statistical methods {#sec2.2}
-------------------

The normality of the distribution of tested parameters was checked using the Shapiro-Wilk test. The comparison of the groups in respect of antibody concentration was conducted using Kruskal-Wallis and Mann-Whitney tests. The comparison of the groups in respect of vaccination effectiveness was conducted using Fisher's exact test. The relationship between the time after the last vaccination and antibody concentration for each group was assessed through calculation of Spearman's rank correlation coefficient (*r*). All calculations were conducted using R 3.4.1 software.

Ethical standards {#sec2.3}
-----------------

The study was approved by the Bioethical Committee at the National Institute of Geriatric, Rheumatology and Rehabilitation (29 May 2014).

Study participants {#sec2.4}
------------------

The characteristics of the group are shown in [Table I](#t0001){ref-type="table"}.

###### 

Study group characteristics

  Feature                           Value
  --------------------------------- -------------------------------------------------------------
  Girls                             38 (67.9%)
  Boys                              18 (32.1%)
  Mean age                          13 years (min 2.4 -- max 18 years)
  Time after the last vaccination   Mean 10 years and 8 months (from 2 to 17 years)
  Disease duration                  Mean 7 years and 4 months (1 year and 4 months -- 14 years)

In the study group the patients with polyarticular form of JIA dominated. The division of the group depending on the form of JIA is presented in [Table II](#t0002){ref-type="table"}.

###### 

Division of the group depending on type of juvenile idiopathic arthritis (JIA)

  Diagnosis                                Number of patients   Percentage
  ---------------------------------------- -------------------- ------------
  JIA -- systemic form (sJIA)              7                    12.5
  JIA -- polyarticular form (pJIA)         27                   48.2
  With presence of rheumatoid factor       2                    3.6
  Without presence of rheumatoid factor    25                   44.6
  Uveitis                                  3                    5.4
  JIA -- oligoarticular form (oJIA)        15                   26.8
  Uveitis                                  3                    5.4
  Enthesitis-related arthritis (JIA-ERA)   5                    8.9
  Psoriatic arthritis (PsA)                2                    3.6

In the study group only one child was receiving a biological drug in monotherapy; most children, i.e. 49 (87.5%), were treated with a biological drug combined with methotrexate (MTX) in a dose 15 mg/m^2^, 5.35% (*n* = 3) with MTX and prednisone 0.1--0.2 mg per kg of body weight, and 5.35% (*n* = 3) were treated with biological drug with combination with cyclosporine at dose 2--3 mg per kg of body weight. [Table III](#t0003){ref-type="table"} summarizes the treatment of patients.

###### 

Treatment with biological drugs in studied groups

  ---------------------------------------------------------------------------------
  Biological drug   Dose                                               *n* (%)
  ----------------- -------------------------------------------------- ------------
  Etanercept        0.4 mg/kg b.w. twice weekly\                       27 (48.2)
                    0.8 mg/kg b.w. once weekly                         

  Adalimumab        children with b.w. \> 30 kg 40 mg every 2 weeks\   20 (35.71)
                    children with b.w. \< 30 kg 20 mg every 2 weeks    

  Tocilizumab       8--12 mg/kg b.w. every 2 or every 4 weeks          9 (16.1)
  ---------------------------------------------------------------------------------

Results {#sec3}
=======

In 22 of studied patients, 39.33% had no protective concentration of anti-HBs antibodies (the concentration was lower than 10 mIU/ml) and in the remaining 34 cases (60.7%) seroprotection was confirmed (anti-HBs antibody concentration \>10 mIU/ml). The anti-HBs antibody concentration was higher in the group of boys than girls but that difference was statistically insignificant (*p*-value for Mann-Whitney test = 0.07) ([Table IV](#t0004){ref-type="table"}).

###### 

Anti-HBs antibody serum concentration depending on gender

  Group   *n*   Median   Q1    Q3
  ------- ----- -------- ----- -------
  Girls   38    15.7     2.0   71.9
  Boys    18    80.0     9.7   182.8
  Total   56    22.9     2.0   111.6

p = 0.07

No statistically significant correlation was observed between the time after the last vaccination and anti-HBs antibody concentration (Spearman's correlation coefficient = 0.054; *p* = 0.692).

No statistically significant correlation was also observed between the age of the studied children and the antibody concentration (Spearman's correlation coefficient *r* = 0.038, *p* = 0.781).

The lowest anti-HBs antibody concentration was detected in children with polyarticular onset of JIA (pJIA), but these results were characterised by a high scatter and that relationship was not statistically significant ([Table V](#t0005){ref-type="table"}).

###### 

Anti-HBs antibody serum concentration depending on form of juvenile idiopathic arthritis (JIA)

  Diagnosis   *n*   Median   Q1     Q3
  ----------- ----- -------- ------ -------
  JIA-ERA     5     72.5     72.1   156.8
  sJIA        7     58.0     24.9   238.2
  pJIA        27    4.5      2.0    40.0
  oJIA        15    39.8     2.0    228.4
  PsA         2     108.3    97.9   118.8
  Total       56    22.9     2.0    111.6

JIA-ERA -- enthesitis-related arthritis, sJIA -- JIA -- systemic form, pJIA -- JIA -- polyarticular form, oJIA -- JIA -- oligoarticular form, PsA -- psoriatic arthritis; p = 0.089.

Discussion {#sec4}
==========

The introduction in the 1990s of vaccinations against hepatitis B changed the epidemiological situation of acute hepatitis B not only in Poland but also in other countries participating in that vaccination programme. Individuals with chronic HBV infection still pose, however, a great problem, since they are a reservoir of the virus. As was shown in the report of the European Centre for Disease Prevention and Control (ECDC), in the European Union (EU), since 2008 a constant growth tendency has been observed in respect of the reported cases of chronic hepatitis B (cHBV) \[[@cit0011]\]. The incidence of cHBV increased from 6.7 per 100 000 population in 2008 to 10.2 per 100 000 population in 2017 \[[@cit0011]\]. The greatest incidence was noted in the age between 25 and 34 years. The predominant infection route in the case of cHBV was vertical transmission (41%), followed by infections acquired during various medical procedures (28%). Poland is one of the foremost EU countries in which most cHBV cases acquired during medical procedures are reported \[[@cit0011]\].

In the present study 39.3% of children with JIA did not have sufficient post-vaccination seroprotection, which draws attention to the problem and the risk of infection in this population.

In 2015 we published a study determining anti-HBs antibody concentration in the sera of 50 patients with autoimmune inflammatory rheumatic diseases (AIRD) receiving immunosupressive treatment \[[@cit0012]\]. The control group consisted of 50 healthy children. We demonstrated that among patients treated with immunosupressants in 50% cases (*n* = 25) no seroprotection was found, while in the control group only in 4% (*n* = 2) no seroprotection was present \[[@cit0012]\].

Maritsi et al. \[[@cit0013]\] obtained similar results, and among 89 children with various forms of JIA treated with immunosuppressants, a protective anti-HBs concentration was found in 55% of patients, while in the control group of healthy children the percentage was up to 92% (*n* = 89). Maritsi's work and our research indicated that among children with JIA almost half do not have protective levels of anti-HBs antibodies.

Those children were in the group at increased risk of HBV infection. Certainly, therefore, they should be given booster vaccine doses. According to the recommendations of the European League Against Rheumatism (EULAR) expert group, vaccination against HBV is indicated in patients from the risk groups, i.e. travelling to endemic regions, individuals coming into close contact with HBV-infected persons or medical staff \[[@cit0014], [@cit0015]\].

The passive (in the form of specific anti-HBs immunoglobulin -- HIBIG) or active (in the form of booster vaccine) prevention is recommended for unvaccinated individuals or patients with insufficient concentration of anti-HBV antibodies in the case of exposure to HBV \[[@cit0014]\].

According to the EULAR recommendations in children with rheumatic diseases, vaccinations against hepatitis B, tetanus, diphtheria, pertussis, *Haemophilus influenzae* B (HiB), pneumococci, and meningococci are recommended following the national PVP \[[@cit0014], [@cit0015]\]. During immunosuppressive treatment, the concentrations of specific post-vaccination antibodies reach values regarded as protective, although they are lower than in patients without immunosuppression \[[@cit0014], [@cit0015]\].

As suggested by the literature data, vaccinations against hepatitis B in children with JIA are safe, and are characterised by high immunogenicity in children treated both with biological and non-biological DMARDs \[[@cit0016], [@cit0017]\].

Kasapcopur et al. \[[@cit0016]\] demonstrated effectiveness of vaccination against HBV. Among 39 children with JIA (various forms of the disease) treated with methotrexate (MTX) or MTX and prednisone, almost all studied patients had seroprotection, i.e. 38 out of 39 (98%). No undesirable post-vaccination effects or disease exacerbation were observed \[[@cit0016]\].

Also Nerome et al. \[[@cit0017]\] demonstrated the safety and immunogenicity of hepatitis B vaccination. In the studied group of 18 JIA patients treated with biological drugs (etanercept, adalimumab, tocilizumab, infliximab), 72% (*n* = 13) of patients confirmed protective serum levels of anti-hepatitis B antibodies. These children were not previously vaccinated against hepatitis B, and they were vaccinated during the above-mentioned treatment, according to the 0, 1, 6 months schedule with the Engerix-B vaccine. Adverse symptoms were observed in 5 patients and were comparable to those seen in healthy children. No JIA exacerbation was observed in this group \[[@cit0017]\].

According to the EULAR guidelines, inactivated vaccines are safe for patients with AIIRDs, irrespective of the basic therapy, while live attenuated vaccines should be considered with caution individually \[[@cit0014], [@cit0015]\]. Currently the new EULAR guidelines show greater flexibility in the attitude towards some live vaccines. As suggested in the literature, vaccinations against varicella, zoster, measles, mumps and rubella (MMR -- the second booster dose) can be safe for patients with JIA, treated with both biological and non-biological DMARDs \[[@cit0018]--[@cit0020]\].

Further studies are, however, needed. According to the EULAR guidelines an individual approach to every patient is recommended. In vaccination planning, all factors affecting the risk of infection and the safety of the vaccination itself should always be taken into account. Some vaccinations should preferably be performed before the planned biological treatment. However, we should always remember not to delay the underlying treatment because of a vaccination \[[@cit0014]\].

Focusing on the present topic it is worth noting that in the adult group of AIIRD patients there were not sufficient data on the efficacy of hepatitis B vaccination, but there is agreement that the serum level of antibodies correlates with protection \[[@cit0014]\]. Also in adult AIIRD patient populations some studies revealed an insufficient response to HBV vaccination, which was considered as associated with biological treatment \[[@cit0021]\]. In the case of a weak or non-response to vaccination, a high dose may be considered, but this has not been proven to increase the response to vaccination \[[@cit0014]\].

It seems therefore highly justified to monitor the antibody concentration in patients with rheumatic diseases, both before planned institution of treatment with both biological and non-biological DMARDs and before planned surgical operations.

In Poland the determinations of anti-HBs antibody concentrations in chronically ill patients, as part of medical qualification for vaccination, are free of charge \[[@cit0022]\].

Conclusions {#sec5}
===========

Vaccination against hepatitis B is safe, irrespective of the type of therapy in JIA patients.

There is a risk of a lack of response to the recommended hepatitis B vaccination at the classic dose and vaccination schedule as demonstrated by the present study.

Anti-vaccine antibody serum levels in JIA patients should be evaluated and a booster dose of vaccine should be considered in individual situations.

In justified cases, passive prevention in the form of HIBIG, or passive-active prevention (vaccination and HIBIG) may be considered.
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